Background: The most common teaching method used in China is lecturing, but recently, efforts have been widely undertaken to promote the transition from teacher-centered to student-centered education. The patient-oriented problem-solving (POPS) system is an innovative teaching-learning method that permits students to work in small groups to solve clinical problems, promotes self-learning, encourages clinical reasoning and develops long-lasting memory. To our best knowledge, however, POPS has never been applied in teaching immunology in China. The aim of this study was to develop POPS in teaching immunology and assess students' and teachers' perception to POPS.
Background
Due to the rapid advances in biomedical sciences, biotechnology, information technology, etc., knowledge has grown rapidly in the field of medicine. Accordingly, physicians have been increasingly called upon to use the latest research and technology to diagnose, treat, and prevent disease. Thus, one of the primary goals of medical education is to develop future doctors who can adapt to the conditions of medical practice in a rapidly changing health care environment and maximize healthcare quality [1] . Therefore, medical schools worldwide have undergone various medical education innovations to meet these challenges.
Similarly, medical education in China is undertaking great changes [2] . Owing to the country's huge population, China's medical education system is probably the largest in the world. China has 159 institutions of higher education for medicine, with almost 1.7 million students, and had more than 400,000 new graduates in 2008 [3] . Mostly because of its history and culture, medical education in China faces different problems than those in developed countries. Chinese teaching usually relies on rote learning and instruction instead of proactive investigation by students and promotion of creativity and imagination [4] . Therefore, the present challenge for both the government and medical schools is the improvement of the quality of medical education and training of qualified people who can both adapt to a rapidly changing world and simultaneously meet the needs of the Chinese people. Attempts have been made in some medical schools to modify teaching practices by including approaches based on clinical problems. Problem-based learning (PBL), with the aim of cultivating students' creativity and practical abilities, has been adopted in China since the mid-1980s. While some recent studies have shown that skills of analysis and problem-solving ability have been improved among PBL students, the teaching of PBL is still new to many Chinese medical schools, and some participating scholars and instructors still have doubts about its educational benefits [3] [4] [5] [6] . Therefore, new teaching methodology needs to be attempted and developed in China to meet the requirements of the current educational system for Chinese medical students.
The POPS system in immunology, pioneered by Parker A. Small, Jr., and Susan M. Johnson in the early 1970s at the University of Florida, Gainesville, permits students to work in small groups and solve clinical problems encountered in the field of immunology. The general purposes of POPS activities include helping students to learn how to apply basic science knowledge to the solution of clinical problems, facilitating students' learning of how to better use sources (e.g., electronic databases, textbooks and peers) that will be available throughout their careers and encouraging students to work cooperatively [7] . This system is used extensively by medical, pharmacy, and other health profession schools throughout the United States and also other western countries, and many thousands of exercise booklets have been distributed free of charge by the Upjohn Company [8] . As compared to PBL, POPS requires the engagement of fewer teachers and can be more helpful for training clinical reasoning and clinical cooperation. Therefore, POPS could be more suitable for medical students than PBL in countries with limited teaching resources. In China and other developing countries, while PBL was introduced decades ago, the application of PBL is limited due to reasons like faculty shortage and lack of resources. Furthermore, a recent study among Indians pointed out that POPS could be a helpful alternative to PBL in developing countries [9] . Among Asians, many studies have been conducted on the application of POPS in various subjects in various forms [9] [10] [11] .
While POPS could be a better option over the didactic lecture to teach undergraduate students, the application of POPS in China has never been reported, either in Chinese or in English, by the time we wrote this article. We report here the first trial of POPS in teaching immunology in China, and students' and teachers' perception of POPS was assessed as well.
Methods

Participants sampling
This study was conducted at the Institute of Immunology, Third Military Medical University of PLA, Chongqing, China. Recruits for this investigation were 321 secondyear medical students and 16 teachers with good experience in teaching immunology.
Design and instruments
A total of 321 second-year students who are familiar with didactic lectures were divided into two groups: I and II. Group I, comprising 110 students, was taught by POPS, and Group II, including the remaining 211 students, was taught through traditional lectures. A POPS immunology teaching package to correlate basic and clinical sciences information about Immediate Hypersensitivity, which was originally developed by Parker A. Small, Jr., and Eric Brestel and was revised by Maru T. Fox, Wayne T. McCormack, Steven Specter and Gabriel Virella, was used in our POPS teaching (http://www. micro.musc.edu/pops/cases/HypersensitivityPOPS.pdf ). The POPS exercise was performed strictly following the guide of the teaching package. An example of the POPS exercise is given in Appendix A. Sixteen teachers who had been lecturing to second-year medical students during the semester from February 11 to July 25, 2012, from the same institute or other departments were invited to read the teaching package and witnessed the teaching process. After teaching, a post-test with 10 different questions was administered to both groups (Figure 1 ).
Measurements and data collection
A pre-test with 10 questions on the chapter of "immediate hypersensitivity" was performed for all students before class in order to evaluate their basic knowledge on immunology, while a post-test with 10 different questions on the same chapter was administered to both groups after class for the purpose of checking teaching effects. All questions were issued in the forms of singlechoice and multiple-choice tests, and scoring was automatically done using a reading machine. These measures effectively minimize arbitrary judgments.
Later on, two self-structured questionnaire papers, which were adapted from Singh's study, composed of 11 and 10 questions, respectively, were distributed to Group I students who were taught by POPS and all teachers who have audited the teaching process. The feedback forms were strictly anonymous [7] . All participants, 110 students and 16 teachers, completed the questionnaires and were included in this study. One week after the POPS trial, a discussion meeting was held among all involved teachers to summarize the merits, shortcomings and feasibility of the POPS teaching method in the university and anywhere else in China.
Ethical review
The local Institutional Review Board at the Third Military Medical University waived ethics approval (application number: 20111028), as the study protocol was not deemed to represent bio-medical or epidemiological research, and no personal data were used. Procedures complied with data protection rules, and all data were anonymised prior to analysis.
Statistical analysis
The differences between the pre-and post-test results of those in Groups I and II were compared by the z test using the software SPSS 17.0 for Windows (SPSS Inc., Chicago, USA) to the end of determining the statistical significance of the differences between Groups I and II.
Results
Demographic characteristics of participants
Out of the 110 participating students in Group I, 101 were male and 9 were female, with a mean age of 20.5, while for the 221 students in Group II, 197 were male and 24 were female, with a mean age of 20.3 ± 0.42. Of the 16 involved teachers, 8 were male and 8 were female, and their mean age was 37.0 ± 6.34. According to their faculty positions, 3 were professors, 6 were associated professors and 7 were lecturers, and the mean teaching experience among them was 12 ± 6.34 years ( Figure 2 ).
Group differences in pre-and post-test scores
The mean scores and standard deviation (SD) of the pretest for Groups I and II were 2.78 ± 0.67 and 2.35 ± 0.54, respectively, while the post-test results were 9.05 ± 1.25 and 5.53 ± 1.85 for the two groups, respectively. The intragroup differences in post-and pre-test in Groups I and II were 6.27 and 3.18, respectively. There was no statistically significant difference on the pre-test scores between both groups (t = 1.73, P > 0.05), but by contrast, considerable differences arose on the post-test scores between them (t = 4.85, P < 0.001) ( Table 1) . Notably, significant improvement in the mean difference in pre-and post-test scores of both groups was evaluated by z test (z = 15.74, P < 0.001), demonstrating the effectiveness of POPS teaching (P < 0.001) ( Table 2 ).
Students' perception of the POPS teaching
After the trial, the 110 students in Group I were asked to fill out a self-structured questionnaire anonymously. The statistic feedbacks are given in Table 3 . Of the 11 questions answered by students, 85% of participants strongly agreed with 6 of them, and the remaining 5 had 50-85% of repliers who moderately agreed with them. No item generated a "disagree" response by more than 50% of students on the questionnaire. The student majority favored POPS-facilitated self-learning, reporting that it raised their interest in topic discussion, made them more absorbed in the class, strengthened their motivation to study and helped in keeping long-lasting memories and making diagnoses in real clinical practices. All of these results indicated that most students were in favor of the new teaching method and strongly preferred it to didactic lecturing. Notably, however, 25 (22.73%) students disagreed that POPS should be used by more teachers. In their opinion, not all teachers were suitable for POPS teaching.
Teachers' perception of the POPS teaching
Sixteen teachers who had rich experience in teaching immunology were invited to audit the POPS teaching process and were subsequently asked to anonymously complete a similarly structured questionnaire. Compared with the questionnaire answered by students, two questions concerning students' personal awareness were deleted while one question requesting the teachers' opinion of applying POPS in medical education was added in the one designed for teachers. The statistic results were given in Table 4 . Similarly, out of the 10 questions answered by teachers, 7 generated agreement by over 85% of responders, and 2 questions demonstrated moderate agreement by 75% of responders; however, the last question had striking disagreement by 75% of the teachers. The positive responses suggested that most teachers had similar opinions on the effects of POPS, including raising students' interest, retaining their attention, enhancing their intrinsic motivation and giving systemic approaches in applying findings of cognitive psychology to the educational process. As expected, all teachers thought that self-reading ahead of the class did help in teacher-student interaction, since POPS is a clinical problem-driven teaching method in itself and hence requires pre-reading for better understanding of the topic in question. Still, 25% of the teachers doubted whether POPS was a more scientific way of teaching than didactic lecturing, and more negatively, 75% of them disagreed that POPS is a suitable teaching method for the current medical education system in China. With regard to this question, all teachers were asked to give reasons for their choices in the following discussion meeting (see below).
Teachers' opinions on the feasibility of POPS in China
A discussion meeting was held shortly after the POPS teaching trial was held, and all teachers who had audited the process were invited to comment on this trial. In contrast to the satisfactory response from the students, most teachers stated their concerns from more practical perspectives. Their comments are summarized in the following aspects:
1. Limited teaching resources (e.g. inadequate space, insufficiently available references and shortage of teachers with enough experience of POPS or PBL) hinder wide application of POPS in many Chinese universities; 2. Preparation of POPS teaching is too time consuming for teachers in medical universities who have to spend a great deal of time on research work; 3. The pre-reading request in POPS greatly increases the burden of those students whose curricula are often much heavier in Asian countries than of those in other regions worldwide. 
Discussion
The traditional teaching method in China is lecture-based learning, which requires teachers to give didactic lectures strictly following the rationales on textbooks. As a consequence of this fossilized teaching mode, the extent of students' curiosity and motivation mostly depends on the quality of teacher-centered presentations [12] [13] [14] . In contrast to lecture-based learning, PBL is an innovative technique introduced in medical education since 1969 [15] , and has been widely used in the curriculum in worldwide medical schools, especially in the western countries [16, 17] . The PBL approach was first introduced in China in 1986, and since then it has been increasingly applied in many Chinese medical universities [18] . In PBL teaching trials, the students learned to use various sources of information effectively and are trained in the rapid retrieval of relevant knowledge. These skills are important for medical professionals who would deal with clinical problems in reality. As an alternative of PBL, POPS has never been attempted in medical education in China, and therefore our trial reported here was the first case. In this study, POPS teaching was used in medical immunology, which is an important discipline in modern medical education. The effect of POPS teaching was compared with traditional lecturing. Although there was no significant difference on the pre-test between the two student cohorts, the difference on the post-test was statistically great (Table 1) . The more pronounced difference between the pre-test and post-test performance in the POPS group than that of the non-POPS group formed sharp contrast (Table 2) , which indicated that the students taught by POPS had made greater progress in their knowledge structure after learning. These results clearly showed that the students taught by POPS had acquired better skills in gathering information, linking new information with existing data and expressing thoughts and ideas, which was also exhibited in the students' perception (Table 3 ). More importantly, the majority of students confessed that POPS raised their interest in topic discussion, and they thus preferred POPS to didactic lectures.
Despite the striking advantages in PBL or POPS over traditional lecturing, there have been many doubts regarding whether these student-centered teaching methods are feasible in China or other Asian countries, since oriental philosophy and culture are remarkably different from those in western countries. As a matter of fact, some Chinese educationists have studied this question and concluded that appropriate modifications on PBL or POPS techniques were required in order to fit for the specific educational environment in China [14, 18, 19] .
According to their study, the biggest hindrance for widespread application of PBL is the shortage of medical teachers. This problem has become more intense since 1999, when a new governmental policy encouraging universities to enroll more students took effect. As a consequence of this policy, the number of enrolled students in all of China's universities rapidly increased from 4.09 million in 1999 to 20.2 million in 2008, but the teacher-student ratio decreased from 1:14 to 1:17 over the past decade as the staff increase failed to keep pace with the student increase [20] . The ratio for undergraduate education in medical universities may be even larger (i.e. approaching 20 in the third military medical university, which is 4-5 times higher than the figure in USA [20] ). Since both PBL or POPS teaching involve teaching students in small groups under the supervision of tutors, a sufficient number of qualified teachers is the prerequisite of using these techniques. Therefore, modifications that require fewer teachers need to be introduced to medical universities in populous countries; e.g. China and India.
Another notable adverse fact in popularizing PBL or POPS lies in the textbooks used for undergraduate students in China [14, 19] . Owing to the long-term application of didactic lectures and the distinctive linguistic environment, almost all textbooks were prepared for LBL and written in Chinese. No textbooks specifically prepared for PBL or POPS is available in Chinese. As pre-reading is crucial for POPS teaching, several references written in English may need to be translated into the native language of medical students in China; otherwise, they have to spend much more time on pre-reading than those students who are native speakers of English. Still, this situation has been gradually alleviated because of the continuously improved English-speaking skills of Chinese students and extensive application of online and other various resources in medical teaching.
Limitations
We believe that our study has the following limitations:
1. The conclusions drawn from a single trial may be enhanced by more trials and a longer time study. 2. The study was limited to one system of teaching in immunology. 3. The POPS teaching package used in this trial was developed by American educationists, which might not be appropriate for medical students in China or other Asian countries. 4. Lecture quality affected by personal styles may not be eliminated, since the two student cohorts were taught by different teachers.
Conclusions
The results of our trial clearly showed that POPS was an efficient teaching method for immunology education and was preferred by students to didactic lectures. Teachers who witnessed the teaching process also demonstrated positive responses to POPS. However, concerns about the feasibility of POPS in China arose among teachers, in consistence with published studies. Some modifications on POPS may be needed to fit the educational environment in China.
Appendix A
An example of POPS and related questions
Harry Hoofit, an outdoorsman whose main hobby is hiking, has just come to your office. This morning, while alone on a nearby trail, he was stung on the left forearm by an unknown species of insect. He felt immediate pain and his arm began to swell, but he had been bitten many times before and therefore paid no attention to the sting. Within a few minutes, however, he became very apprehensive, became short of breath, and experienced increasing difficulty in breathing until he passed out. When he awoke, his entire arm was markedly swollen and difficult to move because of the swelling. He had hives (raised, white and itchy blotches) all over his body. He is not sure how long he was unconscious but believes it was at least ten minutes but not more than one hour. He also discovered that his underwear and pants were wet; he thinks he urinated while unconscious. He is naturally concerned and wants to know three things: 
